ABSTRACT
INTRODUCTION
Snow and glacier are natural fresh water reservoir in solid form which is one of the important components of hydrological cycle in Nepalese Himalayas. Glacierized environments are one of the most vulnerable to climate change with regard to future availability of freshwater in the region (Mats et al., 2009) . The perennial flow of major rivers in Nepal is maintained by melt water coming from these sources, which are vital for the water resources development of the country. Climatic water balance is one of the important factors while predicting glacier melt runoff (Barnett et al., 2005) . Glaciers in Nepal are being hazardous due to the rising temperature trend, deposited carbon particles, decreasing winter precipitations and impact of global warming as a whole (Mats et al. ,2009 ). It may be vanished after few years because the glacier retreating rate was 10 to 60m per year in Dudh Koshi basin . In other countries as well such cases are being identified. For example, the park's largest glaciers in USA-Montana, is also retreating due to the effect of climate change (Hall and Fagre, 2003) . This forecast was predicted by a computer-based climatological model as only computer based models are suitable for such scenario. The park's glaciers could disappear in the next several decades if the forecast appears to be true. The summer mean temperature in 2100 is predicted to reach 19.76ºC; however, glacier disappearance may occur even earlier, as many of the glaciers are retreating faster than their predicted rates (Hall and Fagre, 2003) .
This study attempts to calculate water deficit (WD) and water surplus (WS) by using Thornthwaite procedures and tries to identify the climatic water balance (CWB) in the study area. The result of CWB can be beneficial to understand the glaciers accumulation and ablation and its response with temperature, humidity, sunshine, wind speed and precipitation analysis. Seasonal cycle of precipitation, maximum, minimum and mean temperature analysis are also carried out as a part of analysis. 
STUDY AREA

METHODOLOGY
Climatic Water Balance is actual Precipitation (P) minus potential Evapotranspiration. Where, P is the hill shaded terrain based precipitation (Rainfall + Snow melting) data.
Several methods have been proposed in the literature for calculating actual evapotranspiration and Climatic Water Balance. Monteith (1963 Monteith ( , 1965 introduced resistance terms into the well-known method of Penman (1948) and derived an equation for evapotranspiration from surfaces with either optimal or limited water supply. This method, often referred to as Penman-Monteith method, has been successfully used to estimate evapotranspiration from different land covers. The method requires data on aerodynamic resistance and surface resistance which are not readily available, so that the standard Penman-Monteith method for estimating actual evapotranspiration (AE) has been limited in practical used. For this practice CROPWAT 8.0 models is used for calculating the PET using different steps of the model. Several methods exist to determine AE. The FAO PenmanMonteith method has been recommended as the appropriate combination method to calculate PET and determine AE using the following:
Daily maximum and minimum temperature, humidity, wind speed and precipitation are collected from DHM, these data were averaged for three stations. The sunshine hour (1947 -1990) was taken from the climate and hydrological Atlas of Nepal (ICIMOD, 1996) .
The sunshine hour and other climatological parameters are of not similar period but day length is similar in each and every year, therefore day length is considered in analysis. These data were used feed into the CROPWAT 8 model for calculating the potential evapotranspiration (PET), which uses Penman-Monteith method to estimate PET (ALLEN et.al, 1998) . This method has also been applied in Xizhuang watershed (XZW) which lies in the middle mountains Baoshan region of southwest China with elevations ranging from 1695 to 3060 m by Ma Xing et al. (2008) .
Where PET = Potential evapotranspiration [mm day The equation uses standard climatological records of solar radiation (sunshine), air temperature, humidity and wind speed. Apart from the site location, the FAO PenmanMonteith equation requires air temperature, humidity, radiation and wind speed data for daily, weekly, ten-day or monthly calculations. Thronthwaite and Mather (1955) method has been used to calculate the climatic water balance. This method shows the relationship between rainfall, PET and actual evapotranspiration from which water surplus (WS) and water deficiency (WD) can be calculated at any place or region over a given period of time.
The water balance accounting procedure with the subtraction of potential evapotranspiration (PET) forms the incoming precipitation (p) in each month. The negative value of (P-PET) indicates the amount by which (P) failed to meet the water need. On the other hand Positive values of (P-PET) refers to amount that is in excess of the water need. Accumulated potential water loss (acc) is obtained by a progressively adding all the negative value of (P-PET). But if the soil has never reached the field capacity the first value of acc is obtained by a successive approximation method using the field capacity.
The soil moisture decreases when P is lower than PET and increases when P is higher than PET. Change in soil storage (Cst) is obtained by subtracting the soil moisture in any month from that value in the previous month. When Precipitation is equal to or greater than PET, the actual evapotranspiration (AE) will be equal to PET. If P less than PET, AE is obtained by adding P to the magnitude of Cst. The difference of PET and AE gives the values of water deficiency (WD) as;
Water surplus occurs only if the soil has been recharged to its field capacity and whenever precipitation is higher than PET and soil is not at the field capacity. The excess first goes to recharge the soil moisture. The water surplus (WS) can be written as
The accuracy of the computation may be tested with the yearly of PET, P, AE, WD and WS in the following manner
The connection with climatic water balance, the term water deficiency (WD) and water surplus (WS) are used. WD represents the amount of water loss through AE, which cannot be met by precipitation. In this article the seasons are classified as winter -December of the previous year to February (DJF), Pre-monsoon (spring) -March to May (MAM), Monsoon (summer) -June to September (JJAS), Post-monsoon (fall) -October and November (ON). The seasonal effect of precipitation is strongly pronounced with high precipitation input during the monsoon (JJAS) and very little precipitation during (ON) the winter period.
MODEL AND DATA USED
Monthly average data (1987 -2008) of minimum temperature, maximum temperature, humidity, precipitation, wind speed and sunshine duration is used for calculating the PET. Similarly the CROPWAT 8.0 model is used for calculating the PET. Output from CROPWAT 8.0 PET, precipitation data is used for calculating AE, WS, WD. Water Surplus (WS) is the excess of water from precipitation fall after the soil water is replenished and the demand of PET is met. WD is a general term used to describe a situation where the available water within a region is less than the region's demand. It is the water that is available from precipitation (snow and rain) glacier melt for rivers and recharge of groundwater. The season wise (DJF, MAM, JJAS and ON) water balance is calculated from the equation of temperature and precipitation at Annapurna, Langtang, and Khumbu. Moreover, the season wise climatic water balance is obtained from the Thronthwait climatic balance shown in Figure 5 . For the field capacity 50 mm assumed, due to soil and evaporation routine parameters ranges (50mm -500mm) are used for the estimation of parameter uncertainty by Monte Carlo simulations (Seibert 1996) . In the selected three stations there are not so much of missing data except in few cases. For the missing data in small (one day) gaps linear interpolation is adopted for temperature data and for the long gaps, monthly series are simply replaced by the mean values of the respective months. The data are then computed for annual as well as seasonal mean.
RESULTS AND DISCUSSION
Precipitation
Precipitation during the summer monsoon period which is a major component from accumulation of glacier in the Nepal Himalayas was strongly influenced by mesoscale mountain valley circulation. Remarkable diurnal variation was found in precipitation and had crucial effect on the distribution of precipitation. Especially, from October 1985 to March 1986, the amount of precipitation was large and it was controlled by behaviour of westerly trough (Western disturbances). Precipitation in the cold season is also associated with large scale snow cover. Due to the accumulation of glaciers in Nepal, it is important to determine the behaviour of the thermal circulation in mountain-valleyscale in the summer monsoon season and the behaviour of westerly trough in the remaining seasons. Especially, inter-annual variability of the latter is more important for the accumulation of glacier than was expected (Seko,1987) . The snow line does not always coincide with the temperature 0 0 C isotherm throughout the year. The relation between snow line and air temperature are greatly changed from season to season (Morinage et.al., 1987) . The fluctuation in snow line in Langtang valley was reported by Yamada et al. (1992) and Kappenberger et al (1993) . Some studies related to mass balance of glaciers in the valley were evaluated by Ageta et al. (1984) and Steinegger et al (1993) . Seko (1987) , Seko and Takahshi (1991) , Shiraiwa et al. (1992) and Ueno et al (1993) 
T. R. Adhikari and L. P. Devkota
Temperature
The mean monthly temperatures were calculated at Annapurna, Langtang and Khumbu which is presented at Table 2 . The mean monthly maximum was observed to be 10. 
Khumbu in
February. This can be justified by the fact that the temperature decreases with altitude. The similar trends of air temperature variation are also found at all three stations. Freezing rain occurs when air temperature is above and ground surface is below 32°F (0°C). If threshold temperature found to be up to the -2 0 C temperature the precipitation will freeze (Seibert, 1996) . From the temperature (2008) and Bajracharya et al. (2008) have also reported the glacier retreat rate of 10 to 60m per year in Dudh Koshi basin.
The mass balance of glacier can be divided into a winter and summer season, mainly influenced by freezing precipitation and mean threshold air temperature (Paterson, 1994) . At the end of the summer, snow may be accumulating on the higher part of the glacier while ablation continues near the terminus. Thus the accumulation varies from place to place on the glacier (Paterson, 1994) . The freezing precipitation is less where accumulation is also less. As Khumbu is in higher elevation as compared to two other stations, the average air temperature is found to be -4.9 0 C, which is lower than the threshold value, so there is more accumulation of snow in winter season shown in Table 3 . 
Potential Evapo-transpiration (PET)
The PET is the amount of water that would be evaporated under an optimal set of conditions, among which is an ultimate supply of water. The highest value of PET was found in the month of May in all three stations as shown in Table 4 . In Annapurna area, the PET shows quite variable trend in the modelled result (highest values of 96 mm and the lowest value of 49 mm). PET ( Figure 4 ) was also decreased with elevation similar to the temperature shown in Figure 3 . Jun  79  76  62  Jul  76  76  63  Aug  76  75  70  Sep  71  68  57  Oct  72  72  59  Nov  63  62  60  Dec  59  58  59  Total  852 
Actual evapotranspiration (AE)
The AE is an output of water that is dependent on moisture availability, precipitation, sunshine hour, wind, temperature, and humidity. Think of AE as "water use" that is actually evaporating and transpiring. When the temperature increases, AE also increases as shown in Table  3 and Table 5 . In this study AE is compared with temperature only. In Annapurna and Khumbu area PET >AE in all season, but in Langtang area PET equals to AE in summer and in other season PET >AE as shown in Table 5 . This indicates that the deficit occurs when the soil is completely dried out. Actual evapotranspiration AE in a soil water budget is the actual amount of water delivered to the atmosphere by evaporation and transpiration. In wet months, when precipitation exceeds potential evapotranspiration, actual evapotranspiration is equal to PET. In dry months, when potential evapotranspiration exceeds precipitation, actual evapotranspiration is equal to precipitation plus the absolute value of the change in soil moisture storage.
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Climatic Water Balance
There is less water deficit 40 mm at Annapurna than at other two stations (Langtang and Khumbu). The highest water deficit is 382mm at Khumbu and the lowest at Annapurna. Water deficit of 351 mm is found at Langtang as shown in Table 6 . Table 6 shows that the water deficit is increased from west to eastern Nepal Himalaya.
The highest water surplus of 1491 mm was at Annapurna, 177 mm at Langtang and the lowest 49 mm at Khumbu which is similar to the precipitation distribution, continuously increased from eastern to western Himalaya due to the altitudinal and monsoonal effect shown in Table 6 . Devkota (2003) found the highest rainfall pocket of more than 320 cm annually over central mountainous region, particularly along the southern flanks of Anapurna range, whereas the driest part is found over the north of the same range with less than 40 cm annually. The strong rainfall gradient across this range shows the importance of topography on spatial variation of annual rainfall distribution in Nepal. The second highest rainfall zone of more than 240 cm per year is located over the northeast mountainous region. Tarai belt has rainfall distribution ranging from 160 to 200 cm annually, whereas the western Tarai shows less rainfall in comparison to the rest of the Tarai. While Devkota (2003) noted that highest rainfall zone is located at the middle mountainous region. The precipitation decreases with increase in altitude. The water T. R. Adhikari and L. P. Devkota surplus also shows similar trends as that of precipitation.
CONCLUSION
This study shows that the precipitation increases from eastern to western regions. It may be due to the orographic effect in the precipitation as three stations are located in the different elevations. PET is decreased with elevation similar to the temperature variation. The highest water surplus is found in the Annapurna areas, but less significant amount of water surplus is obtained in Langtang and Khumbu area Table  6 . In Annapurna temperature and precipitation is higher than in comparison to the other two stations (Langtang and Khumbu). Therefore snow accumulation is higher and melting rate is also higher in Annapurna. Water surplus occurs in three seasons of the year (spring, summer and fall) at Annapurna station, but very small quantity of water surplus is found in Langtang and Khumbu in summer (Table 5 ). Water deficiency is increased from western to eastern regions whereas water surplus is increased from eastern to western regions. Freezing precipitation and climatic water balance shows that Annapurna area has the highest water surplus. This may be due to the fact that this area is located at the highest rainfall pocket of Nepal. The retreating rate is not similar in three catchments due to the difference in the temperature profile (Table 2 ) and the freezing precipitation (Figure 2 ). Snow melting rate is higher in the Annapurna area as the freezing precipitation is only 2%. The melting rate of glaciers is higher in western region as compared to the middle and eastern regions of Nepal Himalaya.
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